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Background and aim
The pending implementation of the new European chemicals
legislation (REACH) will produce the requirement of a lot of
additional testing, including bioaccumulation assessment in fish
and other aquatic species. Bioconcentration testing is highly ani-
mal intensive. Thus alternative test methods have to be devel-
oped to reduce the number of test animals or to avoid the use of
test animals by using alternative in vitro test systems.
Bioaccumulation encompasses bioconcentration, i.e. the pas-
sive uptake (in fish via the gills), and biomagnification, i.e., the
uptake via ingestion of contaminated food. Bioconcentration
integrates the uptake, distribution and elimination of a substance
due to water-borne exposure. In fish, bioaccumulation is typi-
cally dominated by bioconcentration due to the high surface area
of the gill membranes. Metabolism decreases the BCF. Thus
assessment models and in vitro methods should account for
metabolism. The in vitro assay to be developed should therefore
account for metabolic processes in fish.
The main goal of this project is the refinement of a new in
vitro method for evaluating bioconcentration kinetics in fish
using the parallel artificial membrane permeability assay
(PAMPA) to assess membrane permeation and membrane-water
partitioning. With this information it
should be possible to develop a prediction
model to replace animal testing with the
OECD 305 fish bioconcentration test.
Method and results
The PAMPA system has been developed
and widely used in pharmacokinetics
research for assessing uptake of pharma-
ceuticals in the gastrointestinal tract and
across other membrane barriers, such as
epithelium cells. Very recently, the co-
applicant of this project has used PAMPA
for the first time to evaluate its potential
for assessing passive absorption and elim-
ination in small fish across fish gills. This
work is very promising but the method still
needs refinement, adjustment of condi-
tions and a wider database before it can be
applied as an alternative test method.
Development of an In Vitro System for Modeling
Bioaccumulation of Neutral, Ionizable, and
Metabolically Active Organic Pollutants in Fish
Beate Escher and Jung-Hwan Kwon
Dept. of Environmental Toxicology, EAWAG, Dübendorf, Switzerland
Keywords: fish, ecotoxicology, biochemical / analytical, in silico, reduction, replacement, drug screening
The PAMPA system is composed of two well-stirred aqueous
compartments divided by a microporous filter that is impreg-
nated with a solvent – phospholipids mixture (Fig. 1). The great-
est advantage of PAMPA is that the microporous filter-supported
bilayers or the substitute that we are presently using (PDMS)
have similar properties to actual biological membranes.
Measured permeability correlates well with percent absorption
of orally administered drugs that passively permeate intestinal
aqueous and lipid barriers. Also the system has the potential for
high-throughput testing by using a microtiter plate format, a sys-
tem that is commercially available in pharmaceutical sciences
but needs refinement for use as fish model.
Passive uptake across the gill epithelium is not the only deter-
minant factor for overall bioconcentration. Metabolic transfor-
mation reactions will also strongly influence the
bioconcentration. In a second phase of the proposed project, we
plan to include metabolic processes by combining passive mem-
brane permeation and a metabolic degradation assay in vitro
using an enzyme cocktail. This metabolic degradation assay is
based on the S9 fraction of fish liver, which is another in vitro
method that is presently undergoing method development for the
validation phase. 
www.forschung3r.ch/en/projects/pr_100_06.html
Fig. 1: Experimental set-up of the PAMPA system. 
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Conclusions and relevance for 3R
Bioconcentration assessment in fish is highly animal and labor
intensive. According to the OECD test guideline 305
“Bioconcentration: Flow-through Fish Test” (OECD, 1996) the
test is performed during 28 days in two phases – uptake and
depuration - with at least 9 sampling points using at least four
fish each. Thus a minimum number of 40 fish is required for
the determination of one BCF value for one fish species and
one chemical. Considering that in the future more chemicals
will need to be assessed for their PBT properties (P = persis-
tence, B = bioaccumulation, T = toxicity) due to the imple-
mentation of the new European Chemical’s legislation, there is
an imperative need for alternative methods. 
In addition, the presently availably Quantitative Structure-
Activity Relationship (QSAR) models or partitioning-based
bioaccumulation models only cover passive diffusion of
hydrophobic chemicals. There is a clear need for new in vitro
tests and prediction models that also tackle difficult substances
such as ionisable material or readily biodegradable substances,
thus lowering overall uptake.
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Background and aim
We should always aim to minimise any pain or distress that may
be experienced by laboratory animals. Considerable progress
has been made concerning the application of the principles of
reduction and replacement, but implementing refinements
requires that we improve our ability to recognise signs of pain
and distress. If we cannot accurately assess pain or distress, then
we cannot determine the significance of a refinement to a
research protocol. We also need to be able to recognise, both
signs of good health and welfare, and poor welfare, in a wide
range of different circumstances, in order that appropriate
actions can be taken. 
A key issue is the training of new staff so that they can recog-
nise these changes in the animals that they work with. Training
courses for new research workers are now well established in
many institutions, in many different countries, but delivering
effective training requires good quality training material. 
Many of those delivering training courses now use computer-
based presentations, as this is a very flexible and effective means
of providing stimulating and informative seminars. It also pro-
vides a very cost-effective means of distributing educational
material. We have been developing a range of materials for this
purpose (see www.digires.co.uk). We now intend to expand the
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material that is available and develop a web-based tutorial for
use throughout Europe and elsewhere. 
Methods and results
The illustrative material needed was obtained from a number
of different research institutions and encompasses a wide range
of different animal species. The material has been made avail-
able in several ways. A web-based tutorial has been produced
(AHWLA = Assessing the Health and Welfare of Laboratory
Animals), to teach research workers and others to recognise
signs of health and good welfare and help them to become bet-
ter able to identify signs of pain, distress and poor welfare in
laboratory animals (Fig. 1). The material in these tutorials has
also been incorporated into teaching material on the 3Rs
Foundation web site and was recognised by the authorities in
Switzerland as a continuing education for one day (see
Recognising post-operative pain in animals). All of the mate-
rial on the web tutorials together with additional teaching
resources is available for use by lecturers on training courses.
The web-based tutorial is now freely available, and additional
tutorials will be added over the coming years. Additional mate-
rial has been distributed free of charge to course tutors in the
UK and USA, and will continue to be available for a nominal
charge (to cover CD duplication and distribution). The only
restriction placed on the use of the material is that incorpora-www.forschung3r.ch/en/projects/pr_88_03.html
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